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2. Citations and explanations (Rule 70.7) 
Citations: 

Minerals, Metals and Mab3s^ocfely"fM7^^^ S ^o' Mishra and O. J. Kipouros, The 

JP 52-078608 ".PP«aou, 
RU 2082561 

US5460642 Mannweiller), The Minerals, Metals and Materials Society, 1994,pp. 1181-1186. 

US 5032176 
D8: WO 1992/014851 - see page 2 lines 1 to 12 
D9: EP 134643 

D10:DE 2747016 - see claim 1, page 4 lines 1 1 - 20 and 26 - 34. 
Explanation: . 

n^an^^ 

then reacted in a second step iSSSZSSSST.? ° ? I f ^° n t0 ^chlorides and 

aluminium compounds. WhikDTSoseS^ ? aluminium to form A1C1 3 gas and titanium- 

subchloride mteLemarieTand ^SSSSSXSiSS^ ^°S 8 A1 Wi1h TiCU passes thro ^ 
to produce intermetallics/ahoys (eg tI^^Z^TmS^ ^ (eg ^ ^ metal ^ A1 > 
to conduct this reaction is a stepwise feshioT i TmSaSiStiS^?^ 1 u° SUg S estion in *■» documents 
products. Dl 1 does disclose a stepwise reaction JSfcrof I? ♦ ? ^ to reaCt them to form the final 
are then dissolved in molten salt S^SS^^^^f ^ Ti t0 form sub *loride S , which 

obvious to a person skilled in ftJStoSSS^ t0 f °T tltanmm powder - * would be 

indeed claims 33 and 34 as ^S^fS^S^^^T ° ther Octants, and 

the aluminium of the second st^Sm ££ the ^ 3? ^ •* W ° UM n0t be ° bvious to re P lace 
alloys or intermetallics. Thus the SSSSKSl cT™fw w " IT"?™ iS t0 pr ° dUCe m * a Muminium 
methods. Likewise, there is no su2 of ufai ?1 combined with D.1-D10 to arrive at the claimed 
alloys or intermetal ics bv XZ:^^.^. 10 P ro <*uce vanadium or zirconium metals, 
follow the teachings of Dl-Dl I to do so subhalld <* with aluminium, and it does not appear obvious to 

Therefore all claims are Novel and Inventive in light of the above documents. 
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develops ana is yet to ^ aemon3trated Qn ^ 

Attends have been made to use aluminium aa a 
!! X7 a9enC TiC1< Sterne. F=r reduction 

solid phase titanium-aluminium intermetaHic compounds 
mi*ed with aluminium chloride and some residual ti^ium . 
dichloride A description of various attempts using 
alum lni um together with a description of the 
thermodynamics of the n r n C pc B 

. ^ ^ process are given by Murphy and Bing 

iHxgh Temp. Chew. Processes, Vol 3, 365-374 19 J) 
Because of difficulties associated with gas' phase " 
reactions it has not been possible to produce titanium 
and/or titanium- aluminium compounds by direct 
aluminothermic reduction of titanium chlorides. 

Summary of the Invent- -i nn 

in accordance with a first aspect, the present 
invention provides a stepwise method of producing 
titanium-aluminium compounds, comprising a fi rst step of. 

- reducing an amount of titanium chloride <TiCl«) 
with an amount of aluminium at a temperature to 
trigger reactions to form titanium subchloride (s) ' 
and aluminium chloride (AlCl 3 ) products; 

and then a second step of: 

- mixing said products, with the addition of more 
aluminium if required, and heating the mixture in 
a reaction zone to a temperature above 300C to 
form A1C1 3 in a gas phase, and to produce an end 
product in the reaction zone of the titanium- 
aluminium compounds . 

When the term titanium subchloride is used, it can 
refer to titanium trichloride TiCl 3 and/or titanium 
dichloride TiCl 2 or other combinations of titanium and " 
chloride excluding. Tici 4 which is referred to herein as 
txtanium chloride. 
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When the term titanium compound is used in „ 
to titanium alloys and/or H ^ a , ' b ° an refer 

y ana/ or titanium/metal intermetalUr 
compounds. In one nrefer^ * , ^rmecauic 

w • , ' Preferred form which is referred t-« 

step of drivi„ 9 the re^l \fTci ^"T ™^ the 

.—to w. fo « ard ™«iT^:::;zz:rT 

In one embodiment, the firnt- 
a temperature above the' ^1^0^ T""" " 

^rsTioS: first - - - — - ' - - 

In one embodiment of the method, the first 

~r:;;: :rr ~ - ------ : Q 

eauce all of the titanium chloride (Tici 4 ) to form said 
titanium subchloride (s) and aluminium chloride (^ClT 

~i S ' T ^ is prepared by the 

reduction of TiCl„ although this reaction may also form 
titanium dichloride TiCl a . m 

In one embodiment of the m P i-hrvi 
be conau.te.at a ST^aT 

jr ing at least some of the aluminium chloride 

TiCl. The alumrnrum chloride can be used to reduce 
titanxum oxide to produce Tici,. 

in any of the embodiments' of che me 

iizzr °^ dB oan te produced ■* ^ -^=tion 

titanium o* ld e and the aluminium oride electrolysed to 

ch . .f <»• of the method, the aluminium 
Chlorxdes can he condensed away from the reaction sone at 
a temperature lower than that in the reaction zona i„ 
one embodiment of the method, if t l Canium e ^Zll*e 
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escapes the reaction zone it can be condensed at a 
temperature different to that in the reaction zone. 
Furthermore the condensed titanium subchloride can 
optionally be returned to the reaction zone. 

In further embodiments of the method, the precursor 
material can include a source of one or more elements 
selected from the group comprising chromium (Cr) , niobium " 
(Mb) , vanadium (V) , zirconium (Zr) , silicon (Si) , boron 
(B) , molybdenum (Mo) , tantalum (Ta) and carbon (C) , and 
products of said method can include titanium-aluminium 
compounds which include one or more of these elements 
The source of the element (s) can be a metal halide, a 
subhalide, a pure element or another compound which 
includes the element. The products can also include one 
or more of an intermetallic compound, a titanium- (selected 
element) -alloy, and intermediate compounds. The source 
may also include a source of other precursors- containing a 
requxred alloy additive, depending upon the required end 
product. 

In one form of the method, the source can include 
vanadium subchloride, such as vanadium trichloride and/or 
vanadium dichloride, and a product of said method is an 
alloy or intermetallic complex including titanium 
aluminium and vanadium. This method can comprise the 
steps of adding the source in appropriate .proportions, and 
carrying out the method to produce T1-6A1-4V. 

, In a further form of the method, the source can 
include zirconium subchloride, and a product of the method 
18 an alloy or intermetallic complex including titanium, 
30 aluminium; zirconium and vanadium. 

in one form of the method, the source can include 
niobium halide and chromium halide, and a product of said 
method is an alloy or intermetallic complex including 
titanium, aluminium, niobium and chromium. This method 
can also comprise the step of adding the source in 
appropriate proportions, and carrying out the method to 
produce Ti-48Al-2Nb-2Cr . 
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in one embodiment of the method, the aluminium can be. 
added in the form of a powder having an approximate upper 
graxn size of less than about 50 micrometres. m an 
alternative form of the method, the aluminium can be in 
5 the form of a powder of an approximate upper grain size of 
greater than about 50 micrometres, and the method 
comprises the step of milling the aluminium powder and 
titanium subchloride to reduce the grain size of the 
aluminium powder in at least one dimension, m yet 

10 another alternative form of the method, . the aluminium can 
be in the form of flakes having a thickness in one 
. dimension of less than about 50 micrometres. Using a fine 
aluminium powder is preferred, although the relatively 
coarser aluminium powder or flakes is a cheaper raw 

15 material. 

In an embodiment, the method is conducted in an inert 
gas atmosphere or in a vacuum. 

In any of the embodiments described, the method can 
also include a pre-processing step of forming the titanium 

20 subchloride as precursor material. The inventor has found 
that using a precursor material which includes titanium 
subchloride (preferably titanium trichloride) gives a 
number of advantages. There are not the problems of 
different, uncontrollable phases which are involved in 

25. starting from titanium tetrachloride as a precursor. The 
Composition of the end product is relatively controllable 
and depends on the ratios of the starting materials. The 
correct ratios of starting materials are incorporated in 
the precursor materials to produce the appropriate 

30 proportions of components in the product. 

The inventor believes that the new method enables a 
cheaper and more controllable process for the production 
of titanium- aluminium compounds. it is not necessary to 
convert the raw titanium minerals to titanium metal, as in 

35 some of the prior art processes discussed earlier, in one 
embodiment of the present process, titanium oxide can be 
chlorinated using conventional technology to give titanium 
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tetrachloride. This can then be reduced using aluminium 
or hydrogen to give titanium subchlorides (maL^tanLm 
trichloride, , which can then be used as the precursor 

5 sir the f ™ on ° f the -----mi ni r 

It is possible to form Ti-6A1-4V using this process 
whxch is one of the major titanium alloys used. it T ' 
also possible to form Ti-48Al- 2Nb -2Cr. it is also 
possxble to form other alloys such as Ti-Al nhn * . 
10 based alloys ' ar ** Ti 3 Al 

15 In accordance with a second aspect, the present 

xnvention provides a method for production of a powder of 
txtanxu m -aluminium intermetallic compounds including at 
least one of Ti,Al. TiA1 and TiAl 3 , and alloys based on 
titanxum-aluminium intermetallics, ae defined in the first 

i^cSe T WhSrein Starting materlalS «- - ^d 

include alumxnxum powder and titanium chloride 

in accordance with a third aspect, the present 

alumi n 10n * ° f ^-ium- 

alumxnxum compounds, comprising a first step of ; 



30 



35 



heatxng an amount of titanium chloride <Tici 4 ) in 
a plasma of an inert gas and hydrogen mixture, to 
produce titanium subchloride (s) ; 



and then a second step of i 

- mixing aluminium with said titanium 
subchloride (s), and heating the resultant mixture 

_ t0 Pr °t 1Ce titani ^-aluminium compounds and A1C1 3 

be oev, emb ° diment ' the P^hod of the third aspect can 

be otherw.se as defined in the first aspect 

inv en+ - In aCC ° rdanCe With a **** aspect, the present 
inventxon provxdes a stepwise method of producing 
txtanxum-aluminium compounds, comprising a first step of- 

- reducing an amount of titanium chloride (Ticl 4 ) 
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wxth hydrogen in an inert gas atmosphere or in a 

Z1Z " 9 tempSr — to digger reacts 

to form txtanxum subchloride (s) and aluminum 
chlorade (A1C1 3 ) products; ™ 
and then a second step of: 

- mixing said products with aluminium, and heating 
the mrxture in a reaction sons to a temperature 
above 3000 to form Aid, in a g ae phase and To 

t"anir n i end PTOdUOt ^ ^ rea = ti0 " — « 'he 
titanium-aluminium compounds. 

In one embodiment, the method of the fo,,^ 
oan be otherwise as defined in the first^T ^ 

in accordance with a fifth aspect, the present 
invention provides a stepwise method of product ' 
trtanrum-aWnium compounds, comprising a first step of. 

- heating a mixture of Tie!, and aiuminium to form' 
products TiCl 3 and Aid, 

than 300C; " ^ 3 te ^ eratu ^ less 

and then a second step of: 

- mixing said products, with the addition of more 
aluminium if reqUred , and heatlng ^ 

a reaction zone temperature above 300C to cause 
A1C1 3 to be evaporated from the reaction zone and 
to form tatanium-aluminium compounds. 
In one embodiment, the method of the fifH, ao 
be otherwise as defined in the f irst "^ect ^ °" 

in accordance with a sixth aspect, the present 
invention provides a stepwise method of producing a metal - 
alumxnxum compound, comprising the first step of 

" T^WT UCin9 a9Snt t0 redUGe an — t of a 

metal halxde to form metal subhalide (s) . 
and the second step of: 

" WMn/th! 8Ubhalide(8 > aluminium, and 

heating the mxxture in a reaction zone to a 

temperature above 300C to form aluminium halides • 

in a gas phase, and to produce an end product in 

the reactxon zone comprising. a metal compound 
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containing a percentage of aluminium, 
in one embodiment of this method, the reducing agent 
can be selected from the group comprising zinc, magnesium, 
sodium, aluminium or other like metals, in one embodiment 
5 the metal halide can be a titanium subhalide such as 

titanium trichloride, and a product of the reaction can 
include titanium compounds. 

in one embodiment, the method of the sixth aspect can 
be otherwise as defined in the first aspect. 
10 . in any of the embodiments described, the method can 

also comprise the further step of adding a reagent to a 
product of the method, to produce a further product. 

In accordance with a seventh aspect, the present 
invention provides a method for the production of vanadium 
15 and/or vanadium compounds, comprising the steps of mixing 
aluminium with a precursor material including vanadium 
subhalide, and heating the mixture, to form aluminium 
halides and vanadium and/or vanadium compounds. 

In. one embodiment, the vanadium compounds may include 
2 0 vanadium- aluminium alloys and/or vanadium aluminium 
intermetallic complexes. 

In accordance with an eighth aspect, the present 
invention provides a method for the production of 
zirconium and/or zirconium compounds, comprising the steps. 
25 of mixing aluminium with a precursor material including 
zirconium subhalide, and heating the mixture, to form 
aluminium halides and zirconium and/or zirconium 
compounds . 

In one embodiment, the zirconium compounds may 
30 include zirconium- aluminium alloys and/or zirconium- 
aluminium intermetallic complexes. 

In accordance with a ninth aspect, the present 
invention provides an apparatus for the production of a 
metal compound, comprising: 
35 " a reaction vessel arranged in use for the mixing 

of aluminium with a metal halide or subhalide; 
- the vessel also adapted in use for the resultant 
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mixture to be heated to a temperature sufficient 
for the metal hallde or subhalide to react with 
the aluminium to form the metal compound and an 
aluminium halide; 
5 - one condensation zone arranged in use to operate 

• at a temperature such that any metal halide or 
subhalide escaping the reaction mixture condenses 
an that condensation zone,- and 

- another condensation zone arranged in use to 

operate. at a temperature such that the aluminium 
halade condenses in the another condensation zone, 
in one embodiment, the apparatus also can comprise a 
third condensation zone arranged to condense metal halide 
that xs produced by disproportionate from, escaping the 
15 reaction mixture. m a further embodiment, the one 

condensation zone can be arranged to return condensed 
metal halide or subhalide to the reaction zone. 

In one embodiment, the reaction zone operates at a 
temperature Tl and the first condensation zone at a 
20 temperature T2 which is lower than the temperature Tl . i n 
one form, the second condensation zone operates at a 
temperature T3 which is between Tl and T2 . ■ 

In one example, the precursor material may be a 
material containing titanium as a component, such as 
25 titanium trichloride and/or titanium dichloride. Where 
• the precursor material includes titanium trichloride and 
where the apparatus includes a first condensation zone ' 
that operates at temperature T2, T2 is preferably below 
200C, wherein gaseous aluminium trichloride emanating from 
30 the reaction zone is condensed. 

When the apparatus includes a second condensation 
zone,' T3 is below 500G and titanium trichloride which 
escapes from the reaction zone is recondensed at the 
second condensation zone, m one embodiment, the second 
35 condensation zone is located between the reaction zone and 
the first condensation zone. 

Typically the apparatus includes a heating 
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arrangement for heating the precursor material. In some 
embodiments, openings are provided for the introduction of 
further gases. Openings may also be provided to evacuate 
the vessel to a low pressure. In still further 
embodiments, the reaction vessel may be a number of 
discrete vessels, each vessel providing a different 
reaction or condensation zone. 

Preferably, the apparatus of this aspect of the 
invention is suitable for implementing the method of any 
of the foregoing or following aspects of the invention * 
described herein. 

In accordance with a tenth aspect, the present 
invention provides an apparatus for the production of at 
least one of a titanium compound, another metal compound 
15 or a product, when the apparatus is used with the method 
as defined in any one of the first to the eighth aspects. 

In accordance with an eleventh aspect, the present 
invention provides at least one of a titanium compound, . a 
metal compound or a product produced by either the 
apparatus or the method as defined in any one of the first 
to the ninth aspects. 



20 



Amended Sheet 
IPEA/AU 



PCT/AU2004/00U8yy 
Received 14 October 2005 



- 26 - 
CLAIMS 



• 1- A stepwise method of producing titanium-aluminium 
. compounds, comprising a first step of. 

" within 9 " ° f tltaniUm Chl ° ride < Ti <^> 

with an amount of aluminium at a temperature to 

tragger reactions to form titanium subchloride (s) 
and aluminium- chloride (Alci 3 ) products; . 
and then a second step of- 

- mixing eaid products, with the addition of more 
alu™ lf re ^ redi and heati wbdem ' iu 

toZ ST ^ 3 te ™^»^ abov* 300C to 

form A1.C1, m a gaa phaae. and to produce an end 
■ Product in the reaction zone of the titanium 

aluminium compounds. 

2. A method as claimed in claim l, wherein the method 
also provides for driving the removal of Ale" f rom 

3 * o/^rr r ciaimed in ciaim 2 ' where±n —i 

of AlCla from the reaction zone is continuous. 

" ^ cirS° d T Cla±med ±n ^ ° f thS P—ding 

claims, wherein the first step is conducted at a 

temperature above the boiling point of AlCl 3 . 

5. a method as claimed in any one of the preceding 
claims, wherein the first step is conducted at a 
temperature above- 200C. 

6. A method as claimed in any one of the preceding ■ 
claxms, wherein the first step is conducted with an 
excess amount of aluminium present to reduce all of 
the titanium chloride (TiCl 4 ) to form said titanium 
subchloride (s) and aluminium chloride <A1C1 3 ) 
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A method as claimed in an y one of the preceding 
cla a ms, wherein the second etep is conducted at a 
temperature in the range 300C to ioooc. 

A method as claimed in any one of the preceding 
alarms, comprising the further step of reeling at 
least some of the aluminium chloride formed ano 
utrUsing the aluminium chloride to produce T lTl t . 

Ticl 4 . Ce tltatllutn °xide to produce 

A method as clawed in claim s, wherein aluminium 
oxxde xs produced by reduction of titanium oxide and 
the alumxnium oxide is electrolysed to produce ' " 

l Um 7™ ^ » aterl * 1 use in the method of any 

one of the preceding claims. Y 

A method as claimed in any one of the preceding 

aiavlrof alUminlUm Chl ° rlde ~sed 

thai tZ the h r aCt±0n Z ° ne ^ a te ^^ure lower 
tnan that in the reaction zone. 

A method as claimed in any one of the preceding 
claxms, wherein titanium subchloride which- escapes 

differentT *' a fc «*~t« 

different to that in the reaction zone. 

A method as claimed in claim 12, comprising the 
further step of returning the condensed titanium 
subchloride to the reaction zone. 

claTms^ Cla±med ±n ° f thS ding ' ' 

claxms, also comprising the step of introducing a 
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source of one or more elements, selected from the 
group comprising chromium, niobium, vanadium, 

carhrT^^'T 11 ' ^talum and 

carbon and products of said method Include titanium- 
aluminium compounds which include one or more of 
these elements. 

A method as claimed in claim' 14, wherein the source 

a pu^ I ^Tt ^ * ^ * 

element " ° OB * OUad ^ the 



A method as claimed in claim 14 or claim «, wh6rein 

the products also include one or .ore of an 
intermetallio compound, a titanium- (selected 
element) -alloy, and intermediate compounds. 

A method as claimed in any one of claim 14 to claim 

and I T S ° UrCe lnClUdeS Vanad±Um Chloride, 

and a product of said method is an alloy or 

intermetallio complex including titanium, aluminium 
and vanadium. 

of^ddln \V laimed ±n Claim 17 ' comprising the steps 
of adding the source in appropriate proportions, and 
carrying out the method to produce T1-6A1-4V. 

A method as claimed in claim 14, wherein the source 
includes zirconium subchloride, and a product of t he 
method is an alloy or intermetallio complex including 
titanium, aluminium, zirconium and vanadium. 

A method as claimed in any one of claims 14 to 16 . 
wherein the source includes niobium halide and ' 
chromium halide, and a product of said method is an 
alloy or intermetallio complex including titanium 
aluminium, niobium and chromium. 
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o XSL L " *" Claim 20 ' the step 

of adding the source in appropriate proportions and 

carrying out the method to produce Ti-4m- 2Hb !^ 

cla^f* r ° laimed ^ ^ ° ne ° f the Pleading 
clarms. wherean the aluminium is added in the form of 
a powder having an approximate upper grain size or 
lees than about 50 micrometres. 

A method as claimed in any one of claims l to 21 
wherein the aluminium is in the form of a powder'of 

so mf ^ 9rSin 3iZS ° f about 

50 micrometres, and the method comprises the step of 

2 reduc! mlnlUra P °" dar titaniU ™ ^l-ide 

to reduce the grain size of the aluminium powder in 
at least one dimension. 

A method as claimed in a*y one of claims l to 21, 
wherein the aluminium is in the form of flakes having 
a thickness xn one dimension of less than about 50 
micrometres . 

A method as claimed in any one of the preceding 
clarms, wherein the method is conducted in an inert 
gas atmosphere or in a vacuum. ' 

A method for production of a powder of titanium- 
aluminium intermetallic compounds including at least 
one of Ti 3 Al, TiAl and TiAl 3 , and alloys based on 
titanium-aluminium intermetallics as claimed in any 

T 1 t0 25 ' WhSrein starti ** materials for 

the method anclude aluminium powder and titanium 
chloride. 

A method of producing titanium- aluminium compounds, 
comprising a first step of; 
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- heating an amount of titanium chloride ( T1C 1 4 ) in 
a plasma of an inert gas and hydrogen mixture, to 
produce titanium subchloride (s) ; 

and then a second step of: 

- mixing aluminium with said titanium 
subchloride <s), and heating the resultant mixture 
to produce titanium-aluminium compounds and Alci 3 . 

A method as claimed in claim 27 which is otherwise as 
claimed in any one of claims 2 to 25. 

A stepwise method of producing titanium-aluminium 
compounds, comprising a first step of: 

- reducing an amount of titanium chloride (TiCl 4 ) 
with hydrogen in an inert gas atmosphere or in a 

. vacuum, and at a temperature to trigger reactions 
to form titanium subchloride (s) and aluminium 
chloride (A1C1 3 ) products ; 

and then a second step of: 

- mixing said products with aluminium, and heating 
the mixture in a reaction zone to a temperature 
above 300C to form AlCl 3 in a gas phase, and to 
Produce an end product in the reaction zone of the 
titanium-aluminium compounds. 

A method as claimed in claim 29 which is otherwise as 
claimed in any one of claims 2 to 25. 

A stepwise method of producing titanium^aluminium 
compounds, comprising a first step of: 

- heating a mixture of TiCl 4 and aluminium to form 
products TiCl 3 and A1C1 3 , at a temperature less 
than 3 00C; 

and then a second step of: 

- mixing said products, with the addition of more 
aluminium if required, and heating the mixture to 
a reaction zone temperature above 300C to cause 
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to C fC t i e t SVaPOrated fr ° m the ««tian sone and 
to form titanium-aluminium compounds. 

cl"merin S a r aimed ? iS - 

claimed in any one of claims 2 to 25. 

A stepwise method of producing a metal -aluminium 
compound, comprising the first step of-' . 

' ^tilV^ 1119 agenP t0 redUCe « a — t of a 

metal halide to form metal subhalide(s) - 
and the second step of: 

- mixing .aid metal subhalide<s) with aluminium and 
heating the mixture in a reaction zone to a 

TTZTl 300c to toim - * W ' li ™' >»»*. 

rn a gas phase, and to produce an end product in 
the reaction sons comprising a metai compound 
containing a percentage of aluminium. 

A method in accordance with claim 33. wherein the 
reducing agent is selected from the group comprising 

mecais ~ ° th ~ ^» 

A method as claimed in claim 33 or claim 34 which is 
otherwrse as claimed in any one of claims 2 to T S 

A method in accordance with any one . of . the preceding 
claims comprising the further step of adding a 



reagent to a product of the method to produce a 
J 0 further product. 



37. 



35 



A method for the production of vanadium and/or - 
vanadium compounds, comprising the s teps of mixing 
aluminium with a precursor material including 
vanadium subhalide, and heating the mixture, to form 
aluminium halidee and vanadium and/or vanadium 
compounds . 
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A method in accordance with claim 37, wherein th 
vanadium compounds ma y include ^XllZnZ 

ti!conI d ^ Pr ° dUCti0n ° f ionium and/or 

zirconium compounds, comprising the steps of mixinc 
alumxnxum with a precursor material including 9 
zirconium subhalide, and heating the mixture to form 

:::: haudes ^ — -«/« 

A method in accordance with claim 38, wherein the 
-rconxum compounds may include zirconium- aluminum 

- 41 ' ctmp^r ^ P ^ UCti - - —ompound, 

" of ^r^ 00 VeSSSl arran9Sd ±n USe f ° r the -^ing 
of. alumxnxum with a metal halide or subhalide, 

" mixture I' 8 : adaPtSd in f ° r the 

mixture to be heated to * temperature sufficient 

for the meta l halide or subh a Hr!« fc 

ue or sumialxde to react with 

the aluminium to form the metal compound and an 

aluminium halide; 

- one condensation re arranged in use to operate 

subhalT eratUre SUCh «** halide - 

subhal.de escaping the reaction mixture condenses 

in that condensation zone; and 

- another condensation zone arranged in use to 

nlllde "coV tSmPeratUre SUCh «"* the aluminium 
hal.de condenses in the another condensation zone. 



42 



An apparatus as ciai^ad i„ cIain 41< also compri 

a thxrd condensation sone arranged to condense „etar 



Amended Sheet 
EPEA/AU 



PCT/AU2004/000899 
Received 14 October 2005 



- 33 - 



43 . 



44. 

10 



45. 

15 



halide that is produced by disp report ionat ion from 
escaping the reaction mixture. 

An apparatus as claimed in claim 41 or claim 42, 
wherein the one condensation zone is arranged to 
return condensed metal halide or subhalide to the 
reaction zone . 

An apparatus for the production of at least one of a 
titanium compound, another metal compound or a 
product, when the apparatus is used with the method 
as claimed in any one of claims l to 40. 

A titanium compound, a metal compound or a product 
produced by either the apparatus or the method as ' 
claimed in any one of the preceding claims. 
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